Fgf- and Bmp-signaling regulate gill regeneration in Ambystoma mexicanum.
Gill regeneration has not been well studied compared to regeneration of other appendages, such as limb and tail regeneration. Here, we focused on axolotl gill regeneration and found that Fgf- and Bmp-signaling are involved in their gill regeneration mechanism. Axolotls have three pairs of gill rami, and each gill ramus has multiple gill filaments. The gills consist of mesenchyme rich in extracellular matrix and epidermis. The gill nerves are supplied from the trigeminal ganglia located in the head. Denervation resulted in no gill regeneration responses. Nerves and gills express Bmp and Fgf genes, and treating animals with Fgf- and Bmp-signaling inhibitors results in phenotypes similar to those seen in denervated gills. Inducing an accessory appendage is a standard assay in amphibian regeneration research. In our study, an accessory gill could be induced by lateral wounding, suggesting that thin axon fibers and mesenchymal Fgfs and Bmps contributed to the induction of the accessory structure. Such accessory gill induction was inhibited by the denervation. Exogenous Fgf2+Fgf8+Bmp7, which have been determined to function as a regeneration inducer in urodele amphibians, could compensate for the effects denervation has on accessory blastema formation. Our findings suggest that regeneration of appendages in axolotls is regulated by common Fgf- and Bmp-signaling cascades.